The present study aimed to investigate the effect of combined salt (three salinity levels of 0.0M, 0.1M and 0.2M NaCl), heat (20 and 30 o C) and drought (without drought and drought stress by polyethylene glycol (PEG) at 8000 ppm) stresses on seed germination, seed and seedlings vigor traits of three lentil cultivars (Giza 9, Giza 51 and Sinai 1). Increasing temperature from 20 o C to 30 o C significantly decreased most studied characters. Both salinity levels significantly decreased all traits comparing with the control treatment (0 salt NaCl). All traits were more sensitive to 0.2M.than 0.1M.NaCl. Effects of drought were insignificant on shoot length, root length, seedling vigor index and root/shoot ratio. Drought significantly decreased seed germination by 5.6% and seed vigor by 4.87%. Cultivar Giza 9 was more tolerant to drought than the other two cultivars. Gel electrophoresis (SDS-PAGE) analysis for lentil cultivars under salt stress and drought stress at two different temperatures produced new protein heat shock protein (HSP) presented under 30 o C and was absent under control treatment. The applied laboratory technique is valid to be used for screening large number of lentil accessions for their performance under studied stresses as a rapid technique before screening them for such stresses under field condition.
ABSTRACT:
The present study aimed to investigate the effect of combined salt (three salinity levels of 0.0M, 0.1M and 0.2M NaCl), heat (20 and 30 o C) and drought (without drought and drought stress by polyethylene glycol (PEG) at 8000 ppm) stresses on seed germination, seed and seedlings vigor traits of three lentil cultivars (Giza 9, Giza 51 and Sinai 1). Increasing temperature from 20 o C to 30 o C significantly decreased most studied characters. Both salinity levels significantly decreased all traits comparing with the control treatment (0 salt NaCl). All traits were more sensitive to 0.2M.than 0.1M.NaCl. Effects of drought were insignificant on shoot length, root length, seedling vigor index and root/shoot ratio. Drought significantly decreased seed germination by 5.6% and seed vigor by 4.87%. Cultivar Giza 9 was more tolerant to drought than the other two cultivars. Gel electrophoresis (SDS-PAGE) analysis for lentil cultivars under salt stress and drought stress at two different temperatures produced new protein heat shock protein (HSP) presented under 30 o C and was absent under control treatment. The applied laboratory technique is valid to be used for screening large number of lentil accessions for their performance under studied stresses as a rapid technique before screening them for such stresses under field condition.
INTRODUCTION
Lentil (Lens culinaris subsp. Culinaris Medikus) is an important food legume crop in Egypt. It has a high nutritional value, as its seed is a rich source of protein, minerals (K, P, Fe, and Zn) and vitamins for human nutrition (Grusak, 2010) . It also reduces the dependence of cropping system on nitrogenous fertilizers because of their ability to fix atmospheric nitrogen in association with Rhizobia (Saxena, 1988) . In addition, Lentil straw is also a valued animal feed (Erskine et al., 1990).
The national average seed yield of lentil in Egypt reached 5.36 ardab/faddan in 2017 season, which equals 2.04 t/hectare (Anonymous, 2017) . This productivity in Egypt is high globally, and it ranks the third after Australia and China and exceeded the world average by 97.5% in 2017 (FAO, 2017). However, lentil and other crops could be negatively affected if the environmental conditions in Egypt change due to the expected climatic change.
Climatic change will increase in coming decades. Greenhouse gas emissions are running ahead of the worst-case scenario of the Intergovernmental Panel on Climate Change (IPCC), so temperature will increase more rapidly than expected (Kennel, 2010) . The CWANA region is one of the most vulnerable areas to climate change. The available information indicates several impacts that would affect agricultural activities. Increased temperature can reduce crop productivity and limit biodiversity. Sea water rise could result in salinization of agricultural lands that would reduce crop The present study aimed to investigate the response of three lentil cultivars to combined salt, heat and drought stresses on seed germination and seedling growth patterns, and in addition to evaluate the used laboratory processing to determine the possibility to use such method as a rapid technique to evaluate a large number of lentil accessions.
MATERIALS AND METHODS
Three lentil cultivars i.e. Giza 9, Giza 51 and Sinai 1 were used in the present study. The cultivars are varied in their pedigree and characteristics. Cultivar Giza 9 is a selection from Egyptian landrace, high yield, and widely adapted to Egyptian conditions. The cultivar Giza 51 is a selection from an exotic genotype introduced from the International Center for Agricultural Research in the Dry Areas (ICARDA) named FLIP 84-51L, which was derived from crossing between ILL 883 (from Iran) x ILL 470 (from Syria). Two separate laboratory experiments were conducted at Seed Technology Research Department, FCRI, ARC at Giza. The first experiment studied the effect of combined salt (two levels of salinity at 0.1, 0.2M NaCl) and heat (at 20ºC and 30ºC) stresses on seed germination, seed and seedling vigor traits (shoot length, root length, seedling fresh weight, seedling dry weight, seedling vigor index, seed vigor index, and root length/shoot length ratio) of three lentil cultivars. Four replicates of 50 seed for each cultivar were germinated in covered, sterilized, disposable Petri dishes containing Whatman filter paper moistened with either distilled water with zero salinity (control), 0.1 M and 0.2 M NaCl were incubated in germinator at 20º C and 30ºC (heat stress) for 10 days. The Petri dishes were laid in factorial Completely Randomized Design (CRD) with three replicates.
The second experiment studied the effect of combined heat and drought stresses on seed germination, seed and seedling vigor as well as SDS protein electrophoresis. Two levels of drought were used, 1-control without drought (where 50 lentil seeds of each cultivar were immersed in distilled water for 6 hr., before germination) and 2-drought stress (which was induced by immersing 50 seed in polyethylene glycol (PEG) 8000ppm for 6 hours before germination, giving -1.4 MPa osmotic potential) as reported by Michel and Kautmann (1973) and Cochrane (1994) . Seeds were germinated in covered; sterilized, disposable Petri dishes containing Whitman filter paper moistened with distilled water in germinator at 20º C and 30ºC. At ten days germinated seeds were counted and the seedling growth patterns were measured.
For germination test, four replicates (dishes) each with 25 seeds were used for each treatment and placed in an incubator in the dark at 20ºC and 30ºC after ten days. Seeds were observed daily and considered germinated following radical emergence. Germinated seeds were counted and removed from the Petri dishes.
Seed vigor index: was calculated using the following formula (Copeland 1976 : )
Seed vigor index = Number of seeds germinated (1 st count) ÷ Number of days to first count + Number of seeds germinated (last count) ÷ Number of days to last count Normal seedlings obtained from standard germination test were used to measure seedling characters according to the rules of the Association of Official Seed Analysis (AOSA 1991). Twenty-five seedlings from each Petri dish were randomly selected after 10 days of germination time and seedling shoot and root lengths, root/shoot ratio and seedling vigor index for individual seedling were measured. In some treatments the germination (%) don't reach to 25%, so available seedlings were taken for measuring. Seedling shoots and roots were also dried at 70°C for 72 hr., for dryness. Seedling vigor index was calculated using data recorded on germination percentage and seedling growth according to ISTA (1985) by the following formula :
Seedling vigor index = seedling length (cm) × germination percentage
SDS-Protein Electrophoresis
Soluble proteins were extracted from seeds and Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) technique was conducted according to the protocol described by Laemmli (1970) and modified by Studier (1973) .
Statistical analysis of variance was made for each experiment in a factorial split-split design (with three factors) followed by DMRT (Duncan's multiple range test) at p= 0.05, post hoc test. According to Gomez and Gomez (1984) , where in the first experiment, temperature levels were devoted randomly to the main plots and salinity treatments to the subplots and lentil cultivars in sub-sub plots. Also, in the second experiment temperature levels were devoted randomly to the main plots and drought treatments to the sub-plots and lentil cultivars in sub-sub plots.
The combined analysis was made for the main source of variance of temperature, salinity, drought and cultivars for all studied traits.
RESULTS AND DISCUSSION

Effect of Combined Salt and Heat Stresses and Varietal Differences on Germination, Seed and Seedling Vigor Traits of Lentil Cultivars
The combined analysis of variance (Table 1) showed highly significant differences among the main sources of variance: temperature levels, salinity levels and cultivars for all studied traits, except root length and seedling fresh weight for temperature, and root/shoot ratio for cultivar. Also, significant differences were occurred among the second sources of variance: temperature (T) × salinity (S), temperature × cultivar (C), salinity × cultivar and T × S × C interactions for all studied traits, except root length and seedling fresh weight for T × C interaction, root length for T × S × C interaction and root/shoot ratio of cultivar and T × S × C interaction.
Means of the studied traits as affected by the lentil cultivars, salinity and temperature levels are given in Table 2 . Cultivar Giza 51 gave significant higher values of all traits than Giza 9 and Sinai 1, except seedling fresh and dry weight traits. Cultivar Giza 51 also performed higher values of seedling growth characters than Sinai 1, as reported by Hamdi et al. (2017), which agreed with the results obtained in the present study.
Within the range of applied salt stress conditions, the results in Table 2 show that both salinity levels 0.1 M and 0.2 M NaCl were significantly decreased all traits comparing with the control treatment. All traits were more sensitive to 0.2 M NaCl treatment than 0.1M NaCl treatment except root/shoot ratio. For example, the shoot length reduced from 2.36 cm under 0.1M NaCl to 0.39 cm under 0.2M NaCl. The decrease percentages of all traits under 0.1 M NaCl comparing with 0 NaCl ranged from 6.49% for seed germination to 64.22% for root length. While, the corresponding percentages of all traits under 0.2M NaCl comparing with 0 NaCl were higher and ranged from (%) 5.32% for root/shoot ratio to 93.86% for seedling vigor. The effect of combined temperature and salinity on seedling growth characters of the three lentil cultivars are presented in Table 3 . The results showed that shoots length of the three cultivars were decreased by increasing temperature from 20ºC to 30ºC, for example, shoot length of Giza 9 cultivar decreased from 4.60 cm under 20ºC and zero treatment NaCl to 2.85 cm under 30ºC and zero treatment NaCl, and similar performance was occurred by the other two cultivars Giza 51 and Sinai 1. Interestingly, different performance of the three cultivars was observed for root length and seedling fresh weight, where increasing temperature from 20ºC to 30ºC increased the average of these two traits in the three cultivars. For example average root lengths of Giza 9, Giza 51 and Sinai 1 under 20ºC and zero treatment NaCl were 4.13, 3.37 and 2.35 cm, respectively, while the corresponding values under 30ºC and zero treatment NaCl were 4.35, 3.68 and 2.57, respectively. Similar performance of the three cultivars was observed in root/shoot trait.
Whereas the averages of all the six seedling growth traits for Giza 9 and Giza 51 were decreased by increasing temperature from 20ºC to 30ºC and zero treatment NaCl, except the average of seedling dry weight of Giza 9, which increased from 0.204 g under 20ºC and zero treatment NaCl to 0.246 g under 30ºC and zero treatment NaCl. In contrast, cultivar Sinai 1 had varied performance, where its averages in the four traits, seed vigor index, germination (%), seedling vigor index and root/shoot ratio under 30ºC and zero treatment NaCl were higher than those under 20ºC and zero treatment NaCl, in addition its averages were equale in both seedling dry weight and seedling fresh weight under 20ºC and zero treatment NaCl and 30ºC and zero treatment NaCl indicating that it did not affected by increasing temperature.
The results in Table 3 also show that increasing salinity decreased the average of all tested traits for the three lentil cultivars. In fact, The negative effects of salinity have been attributed to increase in Na+ and Cl¯ ions in plants hence these ions produce critical conditions for plant survival by intercepting different plant mechanisms. Although both Na+ and Cl¯ are major ions, which produce many physiological disorders in plants, Cl¯ is the most dangerous (Tavakkoli et al., 2010 ). An increase of NaCl concentration in soil resulted in increasing uptake of Na and Cl, and reduces dry weight, K concentration and K: Na ratio of lentil (Turan et al., 2007) . Studies of seed germination under salinity stress have indicated that seeds of most species attain their maximum germination in distilled water and are very sensitive to elevate salinity at the germination and seedling phases of development (Ghoulam and Fares, 2001). Among the environmental factors that influence seed germination, water is one of the most important. The greater or smaller seed water absorption depends on the gradient of the water potential between the soil and the seed (Ribeiro et al., 2001 ).
Effect of Combined Drought and Heat Stresses on Germination and Seedling Vigor Traits of Lentil Cultivars
The combined analysis of variance in Table 4 show significant differences among the main sources of variance: temperature, drought and cultivar for all studied traits, except seedling fresh weight for temperature stress, shoot length, root length, seedling vigor and root/shoot ratio for drought stress. Also significant differences were occurred among the second sources of variance: temperature (T) × drought (D), temperature × cultivar (C), drought × cultivar and T × D × C interactions for all studied traits, except shoot length and root/shoot ratio for T × D, and seedling vigor for T × S × C interaction. Seedling vigor index, Seed VI: seed vigor index, RL/SL: Root length/ Shoot length ratio. *'** Significant at 0.05 and 0.01levels of probability. NS: not significant.
Regarding the effect of drought stress, the results in Table 5 show no significant effects of drought on shoot length, root length, seedling vigor and root/shoot ratio. While the traits seedling fresh weight and seedling dry weight were significantly increased under drought stress, the percentage increases of both traits were 17.4 and 60.66%, respectively. On the other hand, drought stress significantly decreased seed germination by 5.6 and seed vigor by 4.87%, thus both traits were more sensitive to drought than other traits.
The effect of combined temperature and drought stress on germination, seed and seedling vigor traits presented in Table 5 . Increasing temperature from 20ºC to 30ºC significantly decreased shoot length, root length, seed germination, seedling vigor and seed vigor (Table 5) . While increasing temperature from 20ºC to 30ºC significantly increased seedling dry weight from 0.148 to 0.170g and root/shoot ratio from 1.162 to 1.295. Increased temperature did not significantly affect seedling fresh weight. The results showed no significant effects of drought on shoot length, root length, seedling vigor and root/shoot ratio. While the traits seedling fresh weight and seedling dry weight were significantly increased under drought stress. On the other hand, drought stress was significantly decreased seed germination and seed vigor where both traits were more sensitive to drought than other traits.
The effect of combined temperature and drought stresses on seedling growth characters of the three lentil cultivars were presented in Table 6 .
The results in Table 6 show that shoot length, seedling dry weight and germination (%) of the three cultivars were decreased by increasing temperature from 20ºC to 30ºC, except seedling dry weight of Sinai 1 under drought. For example, the shoot length of Giza 9 decreased from 3.84 cm in 20ºC with no drought (control) to 2.48 cm at 30ºC without drought, similar performance was occurred by the other two cultivars Giza 51 and Sinai 1. Also under drought the shoot length of Giza 9 decreased from 4.50 cm at 20ºC under drought to 2.95 cm in 30ºC under drought, similar performance was occurred by the other two cultivars Giza 51 and Sinai 1 under drought stress. While the trait seedling vigor was no significant under drought stress. Cultivar Giza 9 gave higher values of shoot length, root length, seedling fresh weight, seedling dry weight, seedling vigor and root/ shoot ratio under drought at 20ºC and 30ºC comparing with control. These results indicating that cultivar Giza 9 is more tolerant to drought than other two cultivars.
Biochemical Analysis by Protein Electrophoresis
Salt stress under 20ºC and 30ºC temperatures Electrophoresis analysis was carried out using SDS-PAGE for water soluble protein fraction of the three lentil genotypes under control (zero salinity) and salinity treatment (0.1 and 0.2M NaCl) . This analysis aimed at detects biochemical genetic markers for salt tolerance in lentil under two temperatures 20ºC (normal) and 30ºC. The results showed that a maximum number of 17 bands was detected with molecular weights (MW) ranged from 210 to 12 KDa (Table 7) , under salt stress 20ºC. Sinai1 cultivar was stable of number of bands under control (15 bands) and salt stress 0.1M NaCl (14 bands), also Giza 51 had 13 bands in control to 12 bands in treatment 0.1M NaCl, while Giza 9 showed 11 bands under control to 14 bands under treatment 0.1M NaCl. All cultivars under higher salinity (0.2M NaCl) showed lower number of bands, in Sinai 1 ten bands to six bands in Giza 51 and five bands in Giza 9. In contrast Sinai1 had close number of bands in two temperatures, which present stable band number under salt stress.It produced 14 bands in. 1M NaCl at 20ºC, while in .2M NaCl at 30ºCit produced 13 bands.
The results in Table 7 refer to that under 30ºC temperature Giza 51 gave high number of bands (14 bands) under control and Sinai 1 had 11 bands, while Giza 9 had low bands number (4 bands). Band number 6 at molecular weights (MW) 115 bp is considering a marker to 0.1M NaCl at 30ºC, This band present under treatment and absent under control in the three cultivars, may be this band considered heat shock protein (HSP) marker to salt stress. Combined salt and high temperature shock treatments decreased final germination percentage and rate of highly viable lentil seed proportionally to the imposed stress and to seed vigor degree (Dell, 1999) . In wheat and barley seeds, subjected to heat-shock alone, the expression of most polypeptides normally synthesized during germination was reduced (Dell and Di Turi, 1999).
Drought stress under 20ºC and 30ºC temperatures
Electrophoresis analysis was carried out using SDS-PAGE for water soluble protein fraction of three lentil genotypes under control (zero drought) and drought treatment (8000 ppm), by used two temperature 20 o C (normal) and 30ºC. The results showed that a maximum number of 20 bands was detected with molecular weights (MW) ranged from 275 to 10 KDa (Table 8) .
Under drought stress Sinai 1 was the best cultivar under this study. It had 19 bands in C  T  C  T  C  T  C  T  C  T  C  T  275  -----------+  1  250  +  +  ---------+  2  210  +  ----------+ control treatment and 18 bands under drought treatment of PEG 8000 ppm at 20ºC, while under 30ºC it had 8 bands under control and 8 bands under drought treatment of PEG 8000 ppm. Giza 9 gave 10 bands under control and 11 bands under drought treatment of PEG 8000 ppm at 20ºC, while under 30ºC it had 12 bands under control and 3 bands under drought treatment of PEG 8000 ppm. Cultivar Giza 51 gave 6 bands under control and 5 bands under drought treatment of PEG 8000 ppm at 20ºC, while under 30ºC it performed 12 bands under control and 17 bands under drought treatment of PEG 8000 ppm. Giza 51 produced five marker bands under treatment of PEG 8000 ppm at 30ºC, this band considered HSP at different molecular weights (MW) of 275bp, 250bp, 210bp, 200bp and 155bp. This band presented under treatment, but it was absent under control. In legume seeds, HSP synthesis increases with increasing temperature and a large heterogeneity of HSP classes has been found (Dell, 2000) .
Conclusion
The present results indicated that the procedure used in the present study was useful to investigate the performance of tested lentil cultivars and describe their seedling characters under tested stresses. Therefore, this laboratory technique is valid to be used for screening large number of lentil accessions for their performance under studied stresses as a rapid technique before screening them for such stresses under field condition.
